in today's petroleum refining, and technology for purifying wastewater
and gas streams is available.  However, capacities and efficiencies might
require improvement because of the higher nitrogen and oxygen contents of
shale- and coal-based liquids.

RECOMMENDATIONS FOR RESEARCH AND DEVELOPMENT

1.  More government support should be given to fundamental research
on the basic chemistry of refining shale and coal liquids.  The potential
for carrying out the necessary research exists in the laboratories of
industry, the universities, and the Department of Energy, but it needs to
be funded at a higher level.

2.  Research in the environmental and health areas should be given
high priority.  The following problems are especially important:

(a)  Establishment of limits on the carcinogen contents of
the various classes of fuels.

(b)  Establishment of appropriate handling procedures for
the more toxic unrefined materials.

3.  Since the capabilities for applied research and development (as
distinguished from basic research) are much stronger in industry than

in government and university laboratories, major Department of Energy
participation in this aspect of the effort is not indicated.  The Depart-
ment should continue to sponsor tests of processes developed by industry,
however, as a way of assessing the state of the technology.

4.  A reduction in the total cost of refining shale and coal liquids
should be a principal R&D objective.  The hydrogen required to remove
sulfur and nitrogen from these liquids and reduce their boiling points is
responsible for a major part of this cost.  The R&D necessary to improve
the technology for producing hydrogen from coal and coal char should be
sponsored by the Department of Energy.

5.  R&D aimed at establishing the optimum combination of fuel compo-
sition and end-use equipment should be given high priority by government
agencies.  Full cooperation among government, the fuel industries, and
the equipment manufacturing industries is essential.

6.  Basic and applied research relevant to the following refining
needs is of high priority:

(a)  New methods for removal of nitrogen, oxygen, and sulfur
from coal and shale liquids.  Selective removal of
oxygen and nitrogen is particularly important.

(b)  New methods for removal of metals such as arsenic,
titanium, iron, nickel, and vanadium.